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APPLICATION 



FOR 



UNITED STATES LETTERS PATENT 



To the Assistant Commissioner of Patents: 

Be it known that we tt DERVAN and FT DON J. BAIRD 

have invented certain new and useful improvements in 

« qtfrfOCHEMICAL CONTROL OF THE DNA BINDING AFFINITY, 
SEoScI SPE?mOTY;AND ORIENTATION-PREFERENCE OF CHIRAL 
SEQUENCE MTW^ pn| ^ AMIDES IN THE MINOR GROOVE 



of which the following is a specification: 




O— o« - — « AO*. SpeciWy, a.d 

O*— - H " irP, ° P0,y "'" < " S * Mi "° r Gr0 ° Ve 

U S Governs, has certain rights «o to invention pursuant to O- Nos. 
GM 26453, 2768,, and 47530 awarded by the Nationa, Institute of He* 

„ort n f PCT/US97/03332 filed February 20, 
/ «. **** a — "^^ 722 fled My 2., !997 
_ U serta, No. OS/853,522 «ed May 8, >^d PCT/U^. ^ ^ ^ ^ ^ 

which are continuation-in-part ; 

and Serial No. 08/607,078 



February 



5%Vliiia pfovisioi 



provisional application 



and Serial No. 08/6U/,u/ S m« , - d A ril 8> 

<n«u9 022 filed April 16, 1997 and provisional application 60/043,444 
60/042,022, filed April ;t , pnrnnrated herein by reference., „ 



„. ~ applications are mcorpor^- ^ w,,7«.; 



JW. 

B£M ^n — » — « - — " te 

minor groove of double-stranded DNA. 



p^ri ptinn of thp Belated Art 

^ ar, describes a Urge vanety of poiyamides which have three to * 
25 carbamide oase pairs and a hanptn ,oo P denved frotn y—tyr ic acid and* 
ability ,o hind ,0 the uunor groove o f SNA in the promoter regton ,0 * . 
xpr Lo, ^ s — o f N - m e.y—e « 

^ and Manine and y-an.no bu.ync ao,d and nrethods for preparation of 

polyamides are well known. 

PCvarntdes contatntng N-tnethyipyrroie .d N-nrefhy— armno ac.ds e 
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DNA recognition depends on side by y ^ 

nMA helix in the minor groove (Wade, w . a , 
tothe5 ,3- I—""* 4 * „*,.«.».««; 

2572; ""Tlt,^ » f — (w — »■* ™ " a 

G-C base pair, white a Py/lm com al y y4m . Chem. Soc. 

a.T or T«A base pair (Wade, W. S., et 
„ and recogn^es — - * ^ „„, 89> 758 * , Wade, - a,. 

MB.IM.W***-**' 1 - ac , ;J , »72; 

»»■ * " 385; Mrb ' Ch ' " * t a , *c 1*7, IW 

" 10Q4 266 646; White, et al. J. Am. cne 

i Geieraanger, « a.. S— »* ** / „„„,„, a al . / 

j 8756; Pe „o„, =, a,. *~ «. « ^ e( ^ 

, , , -xQ-x- White et al. Biochemistry 1996, 
315 Cem. Soc 1990, 112, 1393, White, ^ 
3 M «, nvn An ImAm pamng is distavore , 

i degeneracy for recognnion (Smgh, et al. Free 

5 «.e, e, a!, a- * «* <• 5 * motift aS we,, a S 

Mve aUo ane.pKd ,o ^ ^^^^ 

subunits (Trauger, et al. J- Wemmer , e t al. 

„■ , too? 7 355; Mrksich, et al. J- Am. Lnem 
m , Dwy e„ e, a, , * O- - °*J> acid „ to been 



et al. / ^ Soc - 1996 ' chm Soc 19 96, 

^, * n,w 1996 3 369; Swalley, et al. J. 130 
6,53; W-.O-* 4 "' ,9 "' 3 ; . ' ^de Claire, etal.,, 

s „ 4 . 8.98; Pilch, e. al. free. Ml "' 6 ' 

^ **. charged ^ amine 

g,„up a, .he C-.ermmus have bee. she ^ ^ ^ 

lralscrip „o» of spectre genes in cel, cu,»e (Gottesfeld ^ 

r i ,miHp size limitations suggest mat oeyunu 

S ligand curvature fails to match the pitch of the DNA polyamide-DNA complex 

2 m d van der Waais interactions respons*. * J» P J ^ ^ 

O . ,_ llpv et a i Proc. Atoi. Sci. USA, 

ty NMn Sruc flrol, m press). Kg" the upper tail in binding 

« site sizes target by the haUpin motif (Turner, e, a, ^ 

^odolog, for expandi, the target — - ~ « ^ ^ 
linkm g existing harpin ntoffs without comprom,s,ng DNAbrn 

25 specificity is provided. 
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„ Binding of the polyamide ^provement reMes . *• - ° f ^ 
expression of the reoutsrte gene. ^ ^ ^ ^ ^ , 00p . The 

diaminobutyttc acid and denva.,ves of the - * , te to the minor 

by, for example, formmg am.de Imkages. ^ ^ bm „, ng 

tte synthesis o, — ^ * .mproved asynmeaic ha,rpin 
ste „„hon. premising ^jj^^^ 
may also serve to attaeh funcnonal or delectable gr 

I mPyPy-, S ,-VyW-^ toteDNASeqUMCe ^ (s) H3 VPyP yPy- P .Dp and 
fti-i, ,„ a _Led models of: (A) lmPyPy-C) Y ryw 

'SS** Computer gene^ted f douHe stranded DNA 



"20 



van dw Waste surface ^ 

tej^c&tbe 6-\ghairpin polyamrdes. 
^ Binding patterns of eel nnproved polyam.des to a ,3 5 bp res 



25 



Figure 6. 

\ 32 

fragment. \ : mnmve d nolyamides and a 3'- P- 

Fig ure 7. AW cleavage «p«n^««* proved P o y 

labeled 135 bp restriction fragment. 
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Kiglir e 8. AfltL P— ° f «— imProV£d " ' ^ 

concentration a»dl\M concentrations. 

Flgu ,e , P— V rep— »— ° f mP 
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polyamides. 
Figure 10. 
Figure 11. 
Dp. 

Figure 12. 
Figure 13. 
Figure 14. 

Figure 15. 

Figure 16. 

polyamide. 

Figure 17. 

Figure 18. 



^veW I footpnnt tUra.ons of ImPyPy-(R) ****** 

Model for cmralLpin folding of improved polyamides. 

Hydrogenbond^ 

Structures of exemp W twelve-ring polyamides. 

Synthesis of tandemlyVed polyamides. 

Quantitative DNA fooU °f * — 

Exemplary tandemly-linkedNpolyamides. 
Construction of plasmids pD^. pDHl 1, and pDH12. 



DETAILEDDESCKZIIQS 

1 — - — s —?- *£r ~* ~~ 

20 ta own references sucn as: -bro* ^ ■ ^ 

ft*** '» ACad ™ ed Methods in 

"Guide ,o Pro,n 

AcademicPress.SanDtego.CAOWrmts, , Co( ,„ re o/ 

25 AppMM Academtc Press S- • ^ ^ 

c*. < , ^« ^ „ M p , ,09-,,, .e 

York (1997). 



F „r the pulses of this application, a is a regulatory sequence of DNA 

« is involved in die binding of RNA polymerase to initiate transition of a gen. A 
riis a segment of DNA involved in producing a ^p^-J-* 

5 ( W) the coding region, ^ - - ^ ^ of 

beween individual coding segments ( exons y g ^ 

3m.no acids, _ and stop signais in a three base trip* 

_ r- 'I to"! the transcription initiation site of the corresponding g 

upstream ( 5 *> ) •» J ^ ^ inctading fences 

regulatory sequences of DNA in addition p 
10 involved with the binding of transcription facto. ^-'"^^ of 

t : ™ «"« ° n T ,0n ( .er P : f lt regulatory s^uence has a positive 

2 downstream) relative to the promoter. Preferably, tn 

* • ^m, of an endogeneous ligand (e.g. a transcnption factor) 

; S 5 activity, i.e„ bindmg of an e g ^ of 

using a polyamide to prevent binding f a factor «, 
indirectly, by using a polyamide to block transcnption of a factor 

M DNA in a sequence specific manner. * Action ^ ^ = = 
u ,c v TATAAA-3', depends on its position relative to omc 
sequence, such as 5 -TATAAA 3 P 5'-TATAAA-3' on me 

regions in the DNA sequence. '"^ of the transcription s.rt 

coding strand of DNA is positioned about 30 base pa P ^ 

the other hand, if the sequence 5 -TATAAA 



siK ,„ a coding region and m proper reg,s,er wi«h fading - -ence 

A- .he .vrosyl and lysyl amino acid residues (Lewin, Genes VI, PP- 21 3-21-5). 

enrod tr: «. - .0 - — - - — - "i: 

po.vamides o t .his — modu,a,e gene expression "V ^ 

n<i RNA nolymerase, transcription factors, TBF, TFIIIB ana otner 

DNA ' , . H hv one skilled in the art that the improved polyamides of 

It is to be understood by one skinea in mc 

H x Trt < S78 444 describes numerous promoter targexmg 

I ^Tr .argenng an proved P*— - - — "* ^ 

• '"is gene* understood hy those sxilled 

0 „ „ common mo,ecu,ar b.otogy references such as Lewin, B., Genes VI 

1 Universi,yPress,New York(1997). ^ ^ % 
l« 20 To affect gene expression ma cell, which may 

5 decrease in gene expression, a effective ,«an.i,y of one or more polyam.de is contaced 
vT^ 1 and — hy the ce, The eel, may he con.ac.ed » or „ «u 
He ex— concen.ra.ions of polyamides fha, can mc.ulate.ene — 
range from ahou, .0 nanomolar .0 ahou, 1 micromolar. Gottesfeid ,U « 
25 }8 , 202-205 (.997). To determine effective amounts and concents of polyamides » 

1 a s I number of ceils is plated on tissue culture plates and various entities o^ 

2 L polyamide are add* to separate we,,, Gene expression following expos , 
la pllyami e an be monitored in .he ce,,s or medium hy de.ec.in g .he amoun. of < 
prlf gene product present as de.ermir.ed by various technics u.„.,n g spec, 

30 I dies, ilding EUSA and wes-en, h,o, Alternatively, gene express foilowmg 
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ensure ,o a polyamtde - ^ — by detecttng the amount o^essenger ^ 

as determined by various techniques, including northern blot and RT-PCR. 
" Lin. effect amounts - concentrations - * 

cerebrospinal fluid, saliva, or btopsy of sktn, muscle, hver 

tiss0 e source is analysed. Gene expression fo„ow,»g e^ ^ by 
momtored by detecting ft. amount of.be prote,n gene prcduc, pr« 
vanous toques u«ing ^ ^^ZlT^^ 
the detecting the amount of messenger kts a p 

including northern blot and RT-PCR- ,„„,„,,,«, in ,o diagnostic and 

The oolyamides of this invention may be formulated 8" 
The polyamto Representative methods of 

therapeutic composes for in v,v* or ,» w«ro use. P ' ^ 

formula,™ may be found in ta**" «• *~ ' 
5 ^^TT- * tncorporated tnto a P by— 

M vehicles. The composttion may be tn son , b***^ ^ ^ 

composition of the present invent may be adm,n,s,«ed ,n 

includes, subcutaneous, intravenous, mtramuscular, mtrastemal, 

lutrapenW^ md de , ive „ , is 

compound, the intended use, the nature and seventy ot 

«aht render physical condition and mental acuity ot the mien 
diagnosed, the age, weight, gender, pnysica .^ ratinns are within the 

.11 the route of administration. Such considerations are witn 
recipient as well as the route oi be 
30 purview of the skilled artisan. Thus, the dosage regimen may vary widely, 
determined routinely using standard methods. 
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Prides of «he present — are also useful for detecting the presence of 
or a dye molecule, can be contacted by ^ 

Thed *° fw te^r:r:— *• 

^egranon of two ^ "»£Z» - - " * 

specifcaUy ™^*~£"Ji to a atonal mo,ecule, providtng me 
sequence of double stranded DNA are rutt fencing, 
^responding ***** conjugates » * - a vanety of 

and human medicine. Fo,yanud=s of tms tnven on - ■ be g ^ 
factional molecules, wblcb can be .dependent* ^ to * , ^ ^ 
ironic acids, biotms, polyhistidines compnsed fro ^ N . 
^ ens ,o *„ an anttbCy binds, solid phase supporu ^ 
iylmtrosoure, Ouorescein, b— an.de , ^ ^ ^ 

^ine, captotbesm, pyrene, mttomycn, - ^ " ^.ylo^ate, 

— • "* ^t^C'Loace^ide, and g o,d par.ic.es. Such 
His, thiazole orange (TO), ^ DNA modification, 

bifunctional polyamides are useful for DNA affinity p 

for DNA detection by proving a po.yam.de triced. u s . 

, r t •„« fin/043 444 the teachings of which are incorporated oy 
p.ovts.onalapplrcauonj^ ^ ^ ^ fc 

DNA complexes to a labeled p y 

alkaline phosphatase system. nre ferablv in kit form, 

The present invention also describes a diagnostic system, preferably i 

le presence of the double stranded DNA sequence bound by the 
for assaying for the presence ui 
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p 0 , ya mide of this — in abody sample, such W - — ^ 



herein. 



diagnosuc system include in an amount sufficient . P—» « 

refcrs ,o , send matnx or mat ^ ^ 

,„ po.ypropy.ene or poly—,, paper fo.l - «" cm „ e . gta 

H the reagent concentration or at least one assay me 

" amounts o f reagent an- " * -»* ~ ^ ( ^ tic sy L 0 f 

O ^ple admixtures, temperance, buffer condmons and the UR • A dtagn J 

2 te invenfion preferably also includes a detect labe « a *~ 

2 present inventton to the targe, DNA seouence. As noted ab ov,n» 
" Lis, such as biotin, atH. detecting or indicating means, such as enzyme-hnRed ( 
indirect) streptavidin, are well known in the art. 

Tracer et al (Now*. 382: 559-561) and Swalley, et al. (/ Am. Chem. 
Trauger.etal.t f nNA bv certain polyamides at subnanomolar 

25 6953-6961) have described reckon of DNA by cer, P y 
concent, Pairing specific carboxyamtde groups allow . * 

,c oiwetal supra) Polyamides comprising Hp, lm, ana ry v 

Hp, ,m, and Py polyamides may be combmed to form ^ » 
30 binding patrs whtch complement the four Watson-CricR base pa,rs A, C, G, and T. 
1 illustrates such pairings. 
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TABLE! 

Pairing Codes for Base Pair Recognition' 



Pair 
Im/Py 
Py/Im 
Hp/Py 
Py/Hp 



G«C 



OG 



T-A 



A'T 
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♦favored (+), disfavored (-) 

Three-, four, Ave- or «» improved polypes of*. present mvennon *e 
covalenUy coupled .0 for* six-, eight-, .en- or <we,ve-ring strucures, respecfvely, ft* 
Z spline* .0 fo« 0, six base pair urge., respective* a, subnanomolar 
As such, *e hnp.ved polyamides of ,he presen, — may be 
directed to any DNA sequence comprised of A, C, G, or T. 

The improved polyanides of the presen, — comprise ftcse havmg a, ,eas, 
.Hree co„secu,ive carboxamide pairings for binding DNA in the m,nor groove of 
regul a,ory seuuence of a duplex gene seance - ° <** T ™ ^ 
sKre ochemical center subs.iru.ed a, .be v-posmon of the 

molecule with .he R-»amiomer of 2,4-diaminobutync ae,d (H^WHNH, 
COOH- 1«rrL m addition, *e present invention provides a methodology for 
len.l hnKng existing hairpin mo.if S wthou, compromising ONA.bmd.nS - 
seouence specif,*. The presen, invenhon prov,des improved polyam.des for b,nd.n 
ft. minor groove of DNA .0 affect gene expression. Preferably, the bound po, y am,de 

— compnses improved having three or four-nng 

poiyamide stnactures eovaientiy coupled to form s,x-, eigb,, ten- or tweWe-ring hanpm 
structures, respectively, of the general structures I-Vffl: 

I 11 
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X 1 X 2 X 3 X 4 X 5 X 6 yX 7 X 8 X 9 X 10 X 11 X 12 
IV 
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X,X ; X, X-,X',X', X,X ! X J X <X X',X' 2 X' J X' 4x 

/\ / \ Y Y Y Y ^ ^ LX'gXVX'eX's p 

X^X/ W 6 X 5 X\ P X 8 X 7 X 6 X 5 



VI 



X,X 2 X 3 X 4 X 5 . XfoXJWs^ 



x 10 x 9 x 8 x 7 x 6 /x ^ 10 xw 7 x 6 /x p 

VII 

X 1 X 2 X 3 X 4 X 5 X 6 X , ,X , 2 X , 3 X , 4X , 5 X' 6 x 

X^XnX.oW^^LX^X'nXNoXW, \ 
VIII 

v „ X- are independently an imidazole such as N-methylimidazole (Im), a 
where X M2 and X M2 are indepenaen y Wroxv-N-methyl 

pyrro,e such as (W - * S "* " ^ 

pile (Hp). ti> addition, an improved po,yamide of the present nwentron may further 

dime^aminopropyiamide (Dp), an aicoho, such - B.OH, an ac,d such as EDTA, 
any derivative thereof may be joined to the p residue. _ 

M-to may also he utitized in p,ace of a pyrro,e ammo acd m Formuias V,I. 
^ „se of M-e in piaee of a pyrro,e or ^ -no acid ,n the synthet, 
10 Tins pldes aromatiCahphatic pain„ g ^ P*. - 

Iphatic/ahphatic pain„ g «»> substitution. Such substitutions may compnse tho, 
P . incorporated herein by reference. The 

described in provtaonal application 60/042,0iA inc rp 

US e of v-aminobutyric acd, or a substituted v-aminobutyric acd such as ^ 
lammo utyrrc acid, provides for preferred hairpin tun*. Many other sroups ^ 
15 ,he purposes of practices tins invention are we,, known and w,de,y ava,,ab,e 
skilled in the art. 
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. t hlfK t viii above are covalently coupled through the 
The polyamide subumt structures I-Vlll above 

, residue which repress a -NH-CH.-CH^-CONH- hairpin linkage denved from y 
Ilync acid or a chiral hai^ «a 8 e denved from 

ammobutyn metho d„logies for substituting the y- 

The pres.* invention provides the reagents an . diamin „butyric acid 

> residue of certain polyamides with a moiety such as TO-2,4, dtam yn 

The NMR structure of a hairpin polyamide of sequence composition 

10 :r * a„d - - ~ - 

3 „■ Ftmre land 2A In contrast, the ( 5> -2A-diaminobutync acd ((S) Y) 

0 demonstrated in Figure 1 and ifi. m 

J linked hairptn is predicted to clash with the waits of the mtnor groove 

P as illustrated in Figures 1 and 2B. B . a ianine 
^ ,„ M V-Vm. L represents an amino acid linking group such Man 

" , ■ •„ m bound to the y residue of a first polyam.de and to the 

U a tandem-linked polyamide. , . , vm that may be tandemly 

B M P represents from zero to ten polyamides of formulas I-VII1 mat may b 

" h*d, thLecondpolyamide. 

formulas ,-Vm. More prefe*. P presents from zero ,„ s B P°^-« 
V„,. More preferably, P represents from Z ero to four poly^ ^ 

without compromising selectivity. ^ y ° t .„ , • ^ Qrt 
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a. =..,h as Boc-nrotected 3-methoxypyrrole, imidazole, and 
m e,„ods using compounds ftom me soppo „ by ^.ysrs, 

-Itp— and p UnM by — ^ 

,rH to DNA binding affinity and sequence specificity. 1 he 
te ,r onara— ™:;2:Z2l art 1 me reagents and memories for 

substitution of the prochirai y mni —ivamides (+)- 

add-on, me mvenrion provrdes me Ji 
D _ , p ,h 2 n pvPvPv-B-Dp (1-*) and (-)-ImPyPy-(S) y-Pyfyry p p 

r;::J- ; - — - — - * 

^ C-H-P**^ T ****** .ac S a oba^U C 

p . j Tn farther study stenc effects, tne y 

terminus, may be prepared and uuhzed as a control. To farther y 

aeeum-do po.y^es ( + H-Pr^ V ^ ^ ^ . > * 

Py PyPy. p . D p (3-S may be utiU Z ed (F ,gure 3; Baird, e. al. .996. J. ^ 0- 
4 ) Tne present nation provides ,he EDT A ana>ogs UnPy^> T- 

:~, PyPyP ,;. D p (5 - S .Fe,n,, ma, may be u,i>i,ed to to conftrm - ^-ng 
o r ie„u, i onofmemodi M hairp,nsa,speci„cDNAbinding S i.=s(Figure3). 

Tandemly-Hnlced polyamides of me present ,nven,ion are also p^ 

25 insran— -P^^^^'t^^ 

hairpin is coupled to the a-amino group of the y-turn 

-,uc twelve tine polyamides exemplified by ImPyry 
The present invention provides twelve ting p lmPyPy . W[ i m PyPy- 

(^rimp y py-w H 2 VyPyPy-PrYPyPyPy-P- D P and lmPy y UL , * . 

(Mimryry W 2 r properties of certain 

30 w « 2 VyPyPy-srTPyPyPy-P- D P ( F * ure 14) - The DNA s P 
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oolyamides of ft. present invention were de,erm,ned „„ a senes of DNA fragment 
,0 „ aln2basepairurge.si.es. The presen. invennon farmer provides an 
containing 10, 11 and 12 base pair s ,„,„„»„ (Bl^SPvPyPv- 

exemplary affinity having denvative ImPyPy-WW-W W« 
myPy-P-Dp, which was unW * confirm a single pred.ee* binding «-» 
r !e — poiyamide. Meggies for fte d— £ fte ONA- 
binding affinity and sentience select of .andem improved polyamides is 

hairpin, providing for an op,imUed class of hatrpm po.yam.des. Ata P 

... , m»N that do no. compromise affinity or speaiicity 
aceumido <* > point „ , he 

relative to the parent hairpin, providing for a convenie yn 
•c^ed" end of the molecule. In addition, me invenuon described herem P 
, capped ena u orientation sites 

m»Vlinked hairpins ma. bind w,.h enhanced affinity 

1 e ,o the parent nairpm and - *- «* ^ 

TZL relative to the parent hairpin indicating ma, — <^ 
specificity relative p ^ , he 

without compromising sequence selectivity. 

The examples listed above and those illustrated below represent only c «™ 
embodiments of the presen, invention and are no, limiting of *e specification and Cairns 



25 in any way. 
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FXAMPLES 

F.\ ample 1 
Synthesis of Improved Polyamides 
Two polyaxnide-resins ImPyPy-W^ Y-PyPyPyP-Pam-resin and ImPyPy- 
5 <rf- Y -PyPyPy-P-Pam-resin, were synthesized in 14 steps from Boc-Manine-Parn- 
reS in (1 g resin, 0.2 mmol/g substitution) using previously described Boc-chemistry 
mac hine-assisted protocols (Figure 4; B ai rd, et al. , Am. C»~ Sac. 1996, 118, «141> 
(,)- and (^-diaminobutyric acid residues were introduced as orthogonally protected 

, • mrmi DIEA") Fmoc protected polyamide resins 

N-Y-Fmoc-N-7-Boc derivatives (HBTU, UltAj. rm r 

5 ^ with , : 4 DM^peridine (22 «C, 30 mi,, to pro^e ^W^Wrf- 

' P am-,es,n and H^f^WW-* reS,>K,iVely - A 
5 . ^.vsis of «he resin - b*» was us* » Oeave the po.yar.de fro, the sohd 
S support. A sam P .eofresi„(240mg)was,rea.edwi m e^^ 

(55 -C, .8 h, ,o prov.de >-«, .* «, - « - — <» ^ ,8 " * ^ 
S 2-*. Res. Ceavage produCs were ourifted by reverse phase HPLC «o provide ImPyPy- 

5 PyPyPy.IS-E.OH (M). The stereochemical P »ri.y of M was determined to be > 98% 
by Mosher amide analysis (Daie, e. a,. J. ^ «- «• "* Yamaguchi, e. 

20 a,. ^— * ^ * P ' 25 - 152 - 1 °- MOrriMn <6d > f 

Academic Press (.983),. 1*1 and WW Moshet am.des were prepared by reaction of 
„i,h HOB. activated esters g«nera,ed » «. from («- a-methoxy-a- 
(.n—byDphenyaceuc acid and (S ,„-me*„xy.a- ( t rtf ,o„rome«by,)pheny,ace«,c 
acid Fo, synthesis of anaiogs modified with EDTA a, .he carboxy-.ermi„us, the amme- 
25 resin was treated with Boc-anhydride (DMF, DIEA, 55 1 30 min) to provide imPyPy- 
w = VyPyPy .p.Pam-resin and b^WSTr-W***"™*' 1 4) ' * 

sampie of Boc-resin was then cleaved with 3,3--diamino-N-m«hy 1 di P ropylamm= (55 t 
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„ b> and purined by reversed phase HPLC ,o provide either -«frWW 
Dp-NH, (.-A-Boc-NH,) or -WSTWrf*^ « W - B » C - NH!) ^ 
afford free prima, amine groups a, the Cerminus — for r-^* 
modification. The ^yamide-ammes ."Boc-NH, «* '^- NH ' 
5 an excess of EDTA-diartiydride (DMSO/KMP, D.EA, 55 -C, >5 min, and «he remaining 

boc _ n n o r-k— pdta (4-R-Boo) and ImPyPy-(i) Y- 

• • i ^ u„ MPT r Individual Boc-EDTA- 

PyPyPy-P-Dp-EDTA (4-S-Boc) were isolated by HPLC. Ind, 

, ... „, xp. ,12 °C 1 h) 10 provide the respective C- 
polyamides were deprotected with neat TFA (22 <~, l n) 

. ■ , B.,Pv r»v*VPvPvPy-P-Dp-EDTA (4-«) and ImPyPy- 

00 terminal EDTA derivatives, ImPyPy-W vPyPyPyP^ 

i„ w '"»'» , m p v pv-(ro" ! VPyPyPy-p-Dp <•-*) OT 

1 derivatives, a sample of the y-am.no polyamide ImPyPy (a) 

5 .mPyPy-^VPyPy^P « «— "* m «~ ° f " 

I hydride or EDTA-dianhydr.de (DMSO/NMP, D.EA 55 -C. 30 mm, and the remaining 
I-, anhydride hydrolyzed (0, M NaOH, 55 =C, ,0 min). T* polyamides ImPyPy- 

5 ortSwWHJp hnpypy-wvpypypy^p ™- 

K PyPyPy-p-Dp (HO - -WrWrf* (5^ were then isolated by 
| revense phase HPLC. The six-ring hairpin polyamides described here are soluble ,n 

aqueous solution at concentrations 10 mM at 37°C. 

A. Materials 

20 

Dicyclohexylcarbodiimide (DCC), Hydroxybenzomazole (HOB.), 2-(>H- 
— hexa-fluorophosphale (HBTU) and 0.2 

nunCgram W-^<-><^™^^^^™~ 
divinylbenzene, resin (Boc-y-Pam-Resin) was purchased from Peptides Internationa, (0.2 
25 mmol/gram) („-2- F moc-4-Boc-diaminobu^c acid, (^-Pmoc-4-Bc.-diaminobu^ 
acid and (S ).2-ami„o^-Boc-diaminobu^c acid were Son, Bachem. YAT- 
diisopropylethylamine (DIEA), (DMF), Y-memylpyrrohdone 
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(NMF) DMSO/NMP, Acetic anhydride (Ac,0), and 0.0002 M potassium 
cyan.de/pyridinc were purchased from Applied B,osys,ems. Dichlorometare (DCM, 
and triethylamine (TEA) were reagent grade from EM, .hiopheno. (PhSH), 
dimethylaminopropylamme (Dp), W -a-me,hoxy-a.(mh 1 oro m e t hy„pheny,ac«„c ac.d 
5 (WMPTA) and (^-me.hoxy^trifourome.hyOphenytace.ic acid ((S)MPTA) were 
from Aldrich, tnfluoroacetic acid (TFA) Biogrude from Halocarbon, pheno, from F.sher, 
and ninhydrin from Pierce. AU agents were used without farther purification. 

Quik-Sep polypropylene disposable filters were purchased from Isolab Inc. A 
shaker for manna, solid phase synthesis was obtained from St. John Associates, Inc. 
Bl0 Screwcap glass peptide sy^thesrs reaction vessels (5 mL and 20 mL) with a #2 sinter* 
:., ^sMtweremadeasdescrib^hyKen,^,^.— 1W M7,9 5 7). HNMR 
'3 spectra were recorded on a General Electric-QE NMR spectrometer at 300 MHz with 
5 chemical shrfls reported in parts per million relative to residua, solvent. UV spectra were 
r mea sured in water on a Hewlett-Packard Mode, 8452A diode array spectrophotometer, 
n 15 Optical rotations were recorded on a JASCO Dip 1000 Digttal Po.arimete, Matnx- 
« assist laser desorption/ionization time of flight mass spectrometry (MALDI-TOF) was 
™ performed a. the Protein and Peptide Microanalytica, Facility a, the California htstitute of 
£ Technology. HPLC analysis was performed on either a HP 1090M analytical HPLC or a 
Beckman Gold system using a RATNEN C,„ Microsorb MV, 5um, 300 x 4.6 mm 
20 reversed phase column in 0.1% (wt/v) TFA w„h acetonitrile as eluen, and a flow rate of 
1 0 mUmin, gradient elution 1.25% acetonitrile/mn, Preparatory reverse phase HPLC 
was performed on a Beckman HPLC with a Waters De.taPak 25 x 100 mm, 100 urn CIS 
column cuipped with a guard, 0.1% (wt/v) TFA, 0.25% acetonitrile/min. Distilled water 
was obtained from a Mil.ipore MilliQ water purification system, and a!l buffers were 0.2 
25 |am filtered. 

Enzymes were purchased from Boehringer-Mannheim and used with thetr 
supplied buffers. Deoxyadenosine and thymidine 5 -[t 32 P] triphosphates were obtained 
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from Amersham, and deoxyadenosine 5 --l, 32 P]«riphospha,e was purchased from ..C.N. 
So.uca.ed, deproteinized calf thymus DNA was acquired from Pharmacia. RNase free 
water was obtained from USB and used for aU footing reactions. All o,her reagents 
and materials were used as received. AU DNA manipulations were performed accordmg 
5 ,o standard protocols (SambrcA U "aniatis, T. «**r M« Co,d 

Spring Harbor Laboratory. Cold Spring Harbor, NY, 1989). 

B. imPyPy-(«) Hi VPyW-l ) - I> P('-' ! > 

lmPyPy .( R /»« Y -PyPyPy-l>-Pam-Resin was synthesized in a stepwise fashion by 

,„ machine-assisted solid phase mefcods (Baird, e, al. , A m . a- Soc. /«. «<». 

» -a mmoW was incorporated as previously 

y ( /j)-2-Fmoc-4-Boc-diaminobutyric acid (0.7 mmol) was in 

I oescribed for Boc,-— y* acid. ^<^^^ » 

M by piperidtne ,S mX, and ag.ta.ed ,22 'C 30 mi.,. 

MS resin was .solated by Nation, and washed seaue„.ia,,y with an excess of DMF, DCM, 

» MeOH, and ethy. ether a™, the attme-resin dried * mc*. A sample of .mPyPy- 

I ' OT H lVyPyPy .p.Pam-resin (240 mg, 0.18 mmol/gram) was seated w.«h neat 
I dimethylaminopropylamine (2 mL, and heated ,55 «C, with periodic agitation for 16 h. 

Resin substitution can be calculated as WmmoVg) - Urfl ♦ W*- ■ *-> * >' 
20 wh ereLis.he,oadi„ g (mmo,ofam te eper 8 ramofresin,,a„dWis.heweigh.(gmo, , 

of the growing polyamide anached ,o ,h. resin (Barlos, e, al. M. J. *** 
ft***, Thereac,ionmix.urewasplacedinanove„a»dpenod,ca,ly 

aguated (55 °C, 16 h). The reacnon mixture was then filtered to remove resin, 0,% 
TFA added (6 mL) and the resulting solution purified by reversed phase HPLC. 

25 imPyPy-mn-pypypy-p-Dp * of ,he 

"Li a wh„e powder ,32 mg, « tecovery, ( af n (c 0.05, H,0); UV 
(H! 0)W 246, 310 ,50,000); 'H NMR (DMSO-« .0.56 ,s, 1 H), ,0.4, (s. 1 H), 9.97 (s, 
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, H) 9.94 (s, 1 H), 9.18 (s, . H), 9.4 (br s, 1 H), 8.28 (s, 3 H), 8.22 (m, 1 H), 8.03 (m, 2 
H) 7.38 ( S , 1 H), 7.25 (d, I H, J' 1.6 Hz), 7.22 (d, 1 H,7= 1.5 Hz), 7.19 (d, 1 H,J= 1.5 
Hz) 7.16 (d, 1 H,J- 1.6 Hz), 7.14 (d, 1 H, ./ = 1.8 Hz), 7.12 (d, 1 ft/- 1.7 Hz), 7.03 
( m 2 H), 6.95 (d, 1 H, J - 1.6 Hz), 6.9. (d, 1 ft/- -.6 Hz), 6.85 (d, 1 H, J- 1.6 Hz), 
5 3 96 (s, 3 H), 3.83 (s, 3 H), 3.81 (m, 6 H), 3.79 (s, 3 H), 3.76 (s, 3 H), 3.33 (,, 2 H, / = 
6.3 Hz), 3.25 (,, 2H,J- 5.7 Hz), 3.05 (,, 2 H, J- 5.9 Hz), 2.96 (,, 2 H, ,/ = 5.3 Hz), 
2 7, (d, 6 H, / = 4.9 Hz), 2.32 (t, 2 H, J = 7.1 Hz), 1.95 „, 2ft/- 5.9 Hz), 1.70 
(quintet, n;- 7.3 Hz); MALD.-TOF-MS (monoisotopic), 992.5 (992.5 calc. for 

C 4 7H H N,A). 

, S0 A hydrogen bonding model of me 1:1 po.yamide:DNA complex formed bemeen 

fl me hairpin polyamide ImPyPKtf'^WHM* < 1Jf > * ''^^ *" " 
• fflustrated in Figure 1A. Lone pairs of N, of purine, and O, of pyridines are shown as 
5 cWK with dots. The N, hydrogen of guanine is indicated by circles contaimng an H 
^ putative hydrogen bonds are illustrated by dotted hues. A schematic binding model ,s 
:„5 also demonstrated where the imidazole and pyrrole rings are represented as shaded and 
« unshaded spheres, respectively, and the M»ne residue is represented as an unshaded 
5 diamond. Figure 2 shows models derived from the NMR structure coordinates of 
S imPyPy-T-PyPyPy-P-Dp-S'-TGTTA-S'using Insightll software. Figure 3 shows the 

structure of the 2-R polyamides. 
20 c. ImPyPy^f'^'VPyW-P-OK 1 -^ 

(R)-a-mcthoxy-a.(triflouromethyl) P henylacetic acid (117 mg, 0.5 mmol) and 

HOB. (70 mg, 0.5 mmol) were dissolved m DMF (1 mL), DCC (100 mg, 0.5 mmol) 
added and the solution agitated for 30 min a. 22 °C. A sample of the acuvated ester 
solution (100 uL, 0.05 mrno!) was added to WWflttWW* « < 10 "* 
25 0.01 mmol), D1EA (50 uL) added, and me solution agitated for 3h (22 °C). DMF (1 mL) 
followed by 0.1% (Wv) TFA (6 mL) was then added to the reaction mixture and the 
resulting solution purified by reversed phase HPLC (1% acetemtrile/min.) under 



20 



conditions which wore determined to separate the diastereomers. ImPyPy-Cfl 
P y PyPy-H>P U recovered as a white powder upon lyophilization of the appropriate 
Sactions (6 mg, 53% recovery). 'H NMR (DMSO-.M 5.0.50 (s, 1 H), 10.,4 (s, 1 H), 
, ,2 (s, 2 H), 9.88 (s, 1 H), 9.2 (b, s, 1 H), 8.43 (d, \H,J~ 7.0 Hz). 8.02 (m, 3 H), 7.92 
5 (m, 1 H), 7.47 (m, 2 H), 7.4! (m, 2 H), 7.36 (s, . H), 7.24 (m, 1 H), 7.19 . H), 7.15 
(m 1 H), 7.12 (m, 3 H), 7.01 (m, 2 H), 6.90 (m, 3 H), 6.83 (m, 1 H), 4.46 (,, 1 H, J' 5.5 
Hz) 3 * (s, 3 H), 3.79 (nr, 9 H), 3.75 (tn, 6 H), 3.32 (m, 4 H), 3.05 (m, 2U), 2.94 (m, 2 
H) 2 68 (d, 6H, J - 4.0 Hz), 2.28 »., 2E> « Hz), 1.93 2 H, J - 6.1 Hz), 1.66 
(ouintet, 2 H. / - 6.0 Hz), 1.18 (s, 3 H); MALD1-TOF-MS (monoisotoptc), 1208.5 
?40 (1208.5 calc. forC5 7 H 6o F 3 Ni 7 Oio)- 

3 D. ImPyPy-^^VPy W"P" D P UR ' S 

Q taPyPy-^r^y-PyPyPy-P-DP was prepared from (S)- a-methoxy-a- 

S (triflouromethyDphenylacetic acid as described for 1-** (5 mg, 45% recovery). 'H 
S NMR (0MSO4) 610.47 (s, 1 H), 10.08 (s, 1 H), 9.92 (s, 2 H), 9.88 (s, 1 H), 9.2 (br s, 1 
US H) 8.43(41^7 = 6^^8.02^3^7.46^2^ 7.40 (m, 2 H), 7.36 (s, 1 H), 
3 7 23 (m, 1 H), 7.19 (m, 1 H), 7.14 (m, 1 H), 7.12 (m, 3 H), 7.01 (m, 2 H), 6.87 (m, 3 H), 
K 6.83 (m, 1 H), 4.44 (q, 1 H, J = 6.5 Hz), 3.94 (s, 3 H), 3.79 (m, 9 H), 3.75 (m, 6 H), 3.28 
I (m 4H),3.06(m,4 H ),2.94(m,2H),2.69(d,6H,7=4.5Hz),2.28(t,2H,J=6.5Hz), 

1.93 (q, 2 H, 6.1 Hz), 1.66 (qumtet, 2 H, /- 6.0 Hz), 1.18 (s, 3 H); MALDI-TOF-MS 
20 (monoisotopic), 1209.0 (1208.5 calc. forC5 7 H 68 F 3 N 17 O 10 ). 

E. ImPyPy-W H2 VPyPyPy-P- D P w 

imp y py-(5) H2 VyPyPy-P- D P was P repared 35 described for l ' R (23 m8 ' 49% 

recovery) [a? D -14.2 (c 0.04, H 2 0); »H NMR (DMSO-*) identical to 1-R, MALDI- 
TOF-MS (monoisotopic), 992.5 (992.5 calc. for C 47 H 62 N 17 0 8 ). Figure 2B illustrates a 
25 binding model for the ImPyPy-(5) H ^-PyPyPy-P-DP (1-5) polyamide to the DNA 
seuqnce 5'-TGTTA-3'. 

f. imp y py-(*) H2N Y-PyPyPy-P- EtoH (2 -* } 
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a *m P ,e of tapypy-wn-pypypy-^--" <*» ■* 018 mno,/8ram) 

was treated with - — P ™ L > te,ed <55 ° C> Pen0d ' C agita " 0 " 
16 h Tne reaction ™»»re was then filtered ,o remove resin, 0,% <w,v> TFA added ,6 
mL) and the resuhing .Won purified by reversed phase HPLC .0 provide ImPyPy- 

5 - ■ «W P—» »"° n ,y ° Phi ' iZatiOT ° f 

fractions (2, mg, 46% — . [.ft ♦>« « H !0 ); UV <H,0> , 2* 3.0 
(50,000); '« NMR (DMSO-« 6.0.55 (s, < H), .0.48 (s, > H), 9.97 (s, , H), 9.94 (s 
„ ) ,,S9(MH,,S,4(m,4„), 8 .00MH,,= 4, l U,, 7 ,9(UH,^5.SH,, 7 . 

fl Hz) 6 95 (d, 1 H, J= 1-6 Hz), 6.9. (d, 1 H, J = 1-5 Hz), 6,8 ,d. 1 H, / - ..5 Hz), 5, 

? , n ,:nn.v.5 ( ,Mn.« J K3n,3. 8 wm.,^^,, 3 H, 3 ,6,0 1 a^ 1 , 

5 „ 6, Hz), 3.0, („, 2 H, •/ = 5.9 Hz), 2.29 (,, 2 H.J-7.. Hz>, ..93 (,, 8 
S Hz), ..20 (m, 4 H); MALDI-TOF-MS (monoisotopic), 95..4 (95..4 ca,c. for 
015 C U H !S N, 6 0,). The 2-R polyam.de is shown in Figure 3. 
M G. ImPyPy-(*) 4 'T-PyPyl'y-> , - D P < 3 '*' 

K A^of.mPyPy^VyPyPyP-DP <4mg>inDMSO(. mL) washed 

1 wirn a so,u,ion of acetic anhydride (. mL) and D.EA (1 mL) in DMF (1 m.) and heated 
,55 °C) with period* agitanon for 30 mm. Resrdua. aceiie anhydnde was hydro.yzed 
20 ,0 , M NaOH, . mL, 55 »C, min.), <w*v> TFA was added (6 mL, and the 
resulting solution purified by reversed phase HPLC to provide ImPyPy-W » 
p.Dp is recovered as a white powder upon lyophi.izat.on of the appropriate fracuons 2 
m g, 50% recovery), [of „ + 20.5 (. 0.06, H ; 0>; ™ W 242, 304 (50,000); H 
NMR <pMS04> 8.0,9 (s, . H), .0.06 (s, . H), 9,4 (m, 2 „), 9.00 (s, , H), 9.4 (br s 
25 H), ,2, (d, . H, , - 7, „z), 8.06 ,m, 2 H), ,00 (, . H, J - 6.2 Hz>, 7,9 ( s, , H, 7.2 
( d , „, ., Hz), 7.2, ,d, 1 H, /= 1-6 Hz>, 7,8 ,m, 2 „,, 7,4 «m, 2 „,. 7.03 (m 
H | 6 90 (d, . H, J - 1 .6 Hz), 6.86 (m, 2 H), 4.43 < q , , H, J - 7.5 Hz>, 3.96 (s, 3 H), 3.82 
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(m , H), 3.73 <m, 6 H), 3 37 (,, 2 H./- 5, H„, 3, , („ 2H,J = 6.9 H„, 2.9S 2 R 

^ u r- /; n w 7 ^ MALDI-TOF-MS (average), 1035.1 (1035.2 
1 .97 (s, 3 H), 1.70 (quintet, 2 H, J- 6.0 Hz) MALUi iu 

calc. forM+H). The 3-R polyamide is shown in Figure 3. 
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H imPyPy-(5) Ac fPy p y p y-P- Dp (3_5) 

K re cove ry ). [ af D . 1 «.(c0.07,H I 0);'H N M R (DMSO-,,, iS i« i ca lt o3-« ; MALD - 
°. TOF-MS (monoisotopic), 1034.6 (1034.5 calc. forC.,H M N, A)- 

3 , Im p y py<i!) B «YPyW-P- D P- NH!(4 -' i ' B<K: ' NHl) 

15 ^.^el^^olofa^nep^of resin), and W is the wcgh, (^1 , 
; „f,r,egro*ingpo,yan,,dea«acl,ed t „ , h e resi, S ee: Barlo, e, a>. , P*~ 

I (1 mL > ,„ DMF (4 r,,) ard heated (55 X, with periodic agitation for 30 mi, ^ 

**wrr**fiy+*™>* < 240 m * 018 mm °" 8r ™ ) was 

3 3 .^ino.N- m e lhy «» i nc 0 nrL) an* — C* P^"» 

for , 6 , The reaction mixture was - «— » —» M * ^ ™ ^ 
(6 mL) and the resulting -ion P»Hfled hy reversed phase HP1X ,0 provide ttnPyPy- 

25 ^.PyPyPy-P-Dp-NH, as a whtte powder upon .yophUization of the appropnate 
25 TO Y PyPylT ^ 240i 306 

fractions (18 mg, 36% recovery); [a] „ -30 (c 0.05, H, 

,50,000); 'HNMR (DMSMO ««9 ,s, , H), ,0,6 (s, 1 H), .0.04 <m, 2 H), ,0.00 (s, 
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, h,, » „ s, . h,, s,> (. w " m «* * 2 »>• 810 (t - 1 a 

7 2. <d i H 7 - U Hz), 7,6 (n,, 2 H), 7,4 (6, » H. / - 1* Hz), 7.03 (d, 

,„.,-,, Hz), 5.33 ^ H), 3.« (s, 3 >»■ 3* <- 3 «>, 3.S< 0* 3. 3* 
3 , 6 M„,,3.37 (q ,2H,,= 6 ,Hz),,0 7(q , 2 H,,= 5 ,Hz), 2 .m, 2 ^ - - 

, , 93 (q , 2 U, J - « Hz,, U0 (m, 4 H); MALDI-TOF-MS (— p,c), U35.3 
(1135.6 calc. forC s< H 7 sNi»0,o). 

NH 2 MALDI-TOF-MS (monoisotopic), 1135.4 (lliJ.o 

K. imPyPy-(*) B Vy PyPy P Dp-EDTA (4-*-Boc) 

ExC ess EDTA-dianhydride (50 mg) was — in DMSO/NMP 0 ^) - 
15 DIEA (1 mL) by heatin g at 55 °C for 5 mi, The diaahydride solution was added to 

ImPyPy Y y * anhydride hydrolyzed 

u ♦ a m °C 25 min) and the remaining EDTA-annycmae y 
mixture was heated (55 C, ^ nun.; «u 

. . * ^ 11sT FA(01%wt/v) was added to adjust the 
(0.1M NaOH, 3 mL, 55 °C, 10 mm). Aqueous TFA (0.1 

20 Pr0VldC Y " e fra tlons (4 mg , 40o/ o recovery). MALDI-TOF-MS 

lyophilization of the appropriate fractions (4 mg, 

(monoisotopic), 1409.6 (1409.7 calc. for CJWtPxi)- 

L imp y py-(5) B0 VPyPyi > y-P- D P- EDTA (4 ' 5 Boc) 

ImPyPy^YPyPyPy-P-DP-NH, (12.0 mg, 12 ,mol) was convened to 4-5-Boc 

vw recovery) MALDI-TOF-MS (monoisotopic), 
25 as described for 4-*-Boc (4 mg, 33 /o recovery), m 

1409 7 (1409.7 calc. for CwHsg^oOn)- 

M . imp y py-w H2 VyPyPy-P- D P- EDTA {4 ' R) 
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A sampU of WfflTW^ < 2 -' m8) DMS ° (?5 ° ^ 
was placed in a 50 mL flas* and seated with TFA (.5 mL, 22 °C, 2 h). Excess TFA was 
removed in m water added (6 mL) and the resulting sohrnon punfied by reversed 

phase HPLC to provide * ■ » WK 

, n i ma sn% recovery). MALDI-TOF-MS 

5 lyophilization of the appropriate fractions (1.3 mg, 50/o recovery) 

(monoisotopic), 1309.5 (1309.6 calc. for C 59 H 81 N 20 O 15 ). 

N . imPyPy-(5) H2N Y-PyPyPy-P- D P EDTA ^ 

ImPyPy-^VPyPyPyW-EDTA (3.0 mg) was converted to 4-5 as 
bribed for 4-, (1 mg, 33% recovery). MALDI-TOF-MS (monoisotopic), 1309, 

HJ0 (1309.6 calc. for CsgHgi^rAs)- 

" Excess EDTA-diauhydride (50 mg) was dissolved in DMSO/NMP (1 mL) and 

5 DIEA (. mL) by bearing a, 55 'C for 5 nr., The dianbyd.de soUrtron was added to 

1 w.w^ww o o - ' M ta DMS ° ,75 ° ^ , I 

J,,, mi«ure was beared (55 1 25 min.) and remaining BDTA-anbydride was hydroly*. 
W („ ,M NaOH, 3mL, 55 °C, .0 min., A q ueous TFA (0.1% wVv, was added ,o adjust .be 
5 tota, voiume ro 8 mL and rbe solution punfred directly by reversed pbase HPLC ,o 
t p^ide 5-8 as a whire powder upon iyopnibzarion of the appropnate rations (0.6 mg, 
60% recovery). MALDI-TOF-MS (monorsotopic), 1266.4 (.266.6 calc. for 
20 C 5 ,H, 6 N„0 15 ). The S-R polyamide is shown in Figure 3. 

p. imPyPy-W Eal VPyW-P- D l > (5-s) 

imp y py-(S) EDT VPyPyfy-P-Dp »» '" s * tecribea f ° r " <6 ' 8 

mg, 16% recovery). MALDI-TOF-MS (monoisotopic), ,266.5 0266.6 calc. for 

C 5 7H 7 6N,90l5)- 

Exam ple 2 

Binding Site Size and Location by MPE-Fefil) Footprint^ 
Preparation of 3'- and 5 -End-Labeled Restriction Fragments 
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The p.asmid P MM5 - «—» « «•* * M ^ *" 

Se,»enase enzyme, deoxyadenosine 5^***-*- and thymidme 5 - 
^phosphate for 3' ,abe,in g . Alternatively, P MM5 was lb— with 

deoxyadenosine 5 --t^phospha.e. * ,■ ,abe,e4 - - *— 

♦ rv or 5"> was loaded onto a 6% non-denaturing 
with ZfcrBI. The labeled fragment (3 or 5 ) was 

polyaclamrde * and the desir*, .35 base pair band was — by 
urography - — " 8 "~ ^ a! 

0 Methods Enzymol. 1980, 65, 499). 

B MPE»Fe(II) Footprinting 
AU reactions were earned out In a volume of 40 pL. A polyamide stock solufion 
« water (for reference ,anes, was added to - assay buffer where the final concentrate 
were- 25 mM Tris-acetate buffer (pH 7.0), >. mM NaCl, .00 pM/base pair cat, thymus 
15 DNA, and 30 kepm 3'- or 5 '-radiolabeled DNA. The soluttons were allow, to 
^ for 4 hours. A fresh 50 pM MPE'Fe(lI) solution was prepared from 10 pL 
of a ,« PM MPE mutton and ,00 uL of a ,00 pM ferrous ammonium su,fa,e 
fPefNH.WSO^O, soiution. MPE»Fe(II) so,u,ion «5 pM, was added to the 
calibrated DNA, and the reactions were allowed to calibrate for 5 minutes. Cleavage 
20 was initiated by the addition o, dithiothreito, (5 mM) and allowed to proceed for 14 mm. 
actions were sapped by ethanol precipitation, .suspended in 100 mM tns-borat, 
EDT A/80% formamide loading buffer, denatured at 85 °C for 6 min, and a 5 pL sample 
,. ,5 kepm) was rmmediately loadet, onto an 8% denaturing polyaco-.amide ge, (5/. 
crosslink, 7 M urea) at 2000 V. 

C. Results 

MPE'FetH) footprinting (Van Dyke, e, al. Proc. ml Acad. Sc.. U.S.A. 1982, 79, 
5470; Van Dyke, e, al. Science ,984, 225, U22, on 3'- and 5".% end-.abeled ,35 base 
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pair reaction fiagmen,s reveals «ha, .he polyamides, each a, 1 uM concemration, b,„d ,o 
ft. 5'-TGTTA-3' ma,ch s,.= (25 mM Tris-ac..a,e, ,0 r»M NaCl, 100 uM/base pair ca,f 
ftyrous DNA, P H 7.0 and 22 °C) (F.gure 5 and 6). Compounds and 3 -R each a, . .25 
M pro.ec, both ft. cogna.. 5'-TGTAA-3' site and fte stag., base pair misma,ch 
5 sequence 5'-TGTCA.3'. Remarkably, binding secuer.ce preferences vary for .he 

pclyamides depending on ft. — * - — — ' " U5 ^ "* 

2 5 M —ion respective*, polyamides M and 3^ bind a 5VACATW reverse 
„rien.atio„ nra.cn si.e in addiUon .o fte .„ge« ma,ch si,e 5,TGTTA-3>. The sizes of fte 
a^caliy J'-shified foorprin. cleavage pro,ectio„ patiems for fte po.yamides - 
Q0 consistant with 5 base pair binding sites. 

F,*am ple 3 

Binding Orientation Domination by Affinity Cleaving 
5 AM* cleavage experiment (Taylor, e. a,. IM*. «H «. 4"; Dervan, 

0 p B Science 1986, «2, 464, usmg hairpin polvamides modified »i.h EDTA'Fe(H) a. 
',15 eifter .he Cerminu s or on ft. were used .o define polyamide bindmg 

15 orison and s.oichiome*v. Al, reactions were carried o„. in a voiume of 40 uL. A 
pCyamide s,oc k so.ution or w,er (for reference lanes) was added .o an assay buffer 
t where .he final concentrations were: 25 mM TH,aceU.e buffer (pH 7.0), 20 mM Nad, 
,00 urease pair calf ftymus DNA, and 20 k cpm y- or S'-radiolabeled DNA. The 
20 solutions were a,.owed .0 e,uilibra,e for 8 hours. A fresh solution of ferrous — 
S u,fa,e (Fe^WSO^O) (10 uM) was added ,o .he eo.uilibra.ed DNA, and .he 
reactions were anowed ,o emnHbra.e for 15 minu.es. Ceavage was initia,ed by .he 
addition of di.hioftrei.ol (10 mM) and allowed » proceed for 30 mm. factions were 
stopped by eftano, pronation, resuspended in 100 mM tirs-bora.e-EDTA/80% 
25 formamide loading buffer, denatured a. 85 °C for 6 min, and fte entire sample was 
im m.dia«e>y loaded o„.o an 8% during polyac^lamide gel (5% cross,* 7 M urea) 
at 2000 V. 
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Affinity ravage experiment were performed on ,h= same 3'- and 5'- P end- 
lab e,ed ,35 base pair res«ne ti o» fragmen, <25 - Tris-acerare, .0 mM NaCi, .00 
^ase pair calf thymus DNA, pH 7.0 and 22 The observed Ceavage pa«ems for 

, j^MWrtWW (5-~. imPyPy-W^-PyPyPy-P-DP- 

1 „„ , n EDTA-Fe(U) p P ^p y .. D p (WFe0I)> 

EDTA'FefU, (4^-F«(II)), lmPyPy(S) Y ryry 

(Figures 7, S and 9) are in ali eases r-shif.ed, co.is.en. -*h minor groove occupancy. 

EDTA*Fe(n) moie* a. «h. C-terminus, a singie eieavage locus proximal ,o ft. 5 s,de o 
» th e 5 ..TGTTA-3.ma.ch,e q ue„ce is revved, in Ore present of ,3 uM H^OD an 
: 10 , M »W which have an EDTA-FedD moiety appended to me . -* 
* cl eavage iocus is revealed proximal .o .he V s,de of me .-TGTTA-r m,eh se^ence. 
5 Cleavage ioci - more concise for .he r-tum EDTA-WO piacemen. re>a.ive .o carboxy 
I .emplacement.— , wim me sho rt er .e te . Ceavage ,„ci are observed a. bo,h 
and3' sideof*e5'-TGTCA-3- singie base pa, mismatch she ■» the presence of 
1 ,0 of 4-«.Fe(n). The eieavage patterns observed a. .he 3' side of .he s,.e ,s 
S approximately 3-foid more in.ense .ban Ceavage a. .he 5-side. For poiyamide 4- 
1 5-Feai) a, 10 uM con«n«rauo„, a single eieavage iocus is revea!ed proximal .o me 
side of the 5'-AC ATT-3' reverse orientation match site. 

Fvam ple 4 

20 

EnergeHcs by Quan^ DNase I Footprint^ 

A. DNase I Footprinting 
A „ reactions were carried out in a volume of 400 uL. Carrier DNA was no, used 
m mese reacnons until after DNase 1 cleavage. A polyamide stcC so,u.,on or w,er (for 
25 reference lanes, was added .o an assay buffer where me final —ions wer, 

^ Tn s.HC, buffer (pH 7.0,, 10 mM KC1, ,0 mM MgCU, 5 mM CaC,, and 30 tepm 
3--radio,abe,ed DNA. The so,u.io„s were aliowed to e qU ,hbra.e for a mimmum of 
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hours a, 22 °C. Cleavage was initiated by the addition of 10 uL of a DNase I stock 
soluuon (diluted with 1 mM DTT to give a stock concentration of ..875 u/mL, and was 
altowed to proceed for 7 min a, 22 «C The reactions were stopped by adding 50 uL of a 
solution containing 2.25 M NaCl, ISO «M EDTA, 0.6 mg/mL glycogen, and 30 uM 
hase-pair calf thymus DNA, and then ethano, precised. The cieavage products were 
.suspended in 100 mM tr,s-borate-EDTA/80% formamide loading buffer, denatured a, 
85 X for 6 min, and immediately loaded onto an 8% denaturing polyacrylamide gel (5% 
crosslink, 7 M urea) a, 2O00 V for 1 hour. Tb. gels were dried under vacuum a, 80 °C, 
then quantised using storage phosphor technology. 

Eourlibnum association constants were determined as previously descnbed 

c 1004 116 7983) The data were analyzed by 
(Mrksich, et al. J. Am. Chem. Soc. 1994, 116, 7983). 

perfonmng volume integrations of the 5<-TGTTA-3' and 5-TGACA-3 sites and a 
refe rence site. The apparent DNA target site saturation, 6 apP , was calculated for each 
concentration of polyamide using the following equation: 



f-il5 

fcsr 



W X ref 



where I tot and I ref are the mtegrated volumes of the target and reference sues, 
respectWely, and W «- W° -espond to those values for a DNase I control lane to 
which no polyamide has been added. The ([L] tot , 6 app) data points were fit to a Langmu. 
20 binding isotherm (e q 2, n=l for polyamides 1-3, n=2 for polyamides 4 and 5) by 
minim.zingthedifferencebetweene^ander, using the mod.fied mil equation: 



>fit = e min + (e max- 9 min) 



l + K a n [L] n tot (2) 
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where [L,™ corresponds ,0 the tota. polype concent, A. corresponds .0 t e 
euuilibnum association constant, and 8*. and <W represent the expenmentaUy 
detemi »ed sue saturation van.es when the sire ,s unoccupied or saturate* respee^ve,, 
Data were ft using a nouUnear ,east-s<n,ares ftung procedure of KaieidaGraph software 

(version 2,, Abeibeck software) with * W - - - ■*"** 

A „ accept fts had a correiauon ce^cien. of R > 0.97. At ,eas. mree sea of 

aecep«ab,e data were used in de.ermi.ung each associa«ion co„s,an, Ali ,anes iron, each 

revive » neighboring poinrs. * data were normal using me lowing eouauon- 

9 Ann " min 



app " min 

e 



norm 0 - o /t\ 
9 max min (3) 

f Ph„,os«imu.ab,e storage phosphorimaging pia.es (Kodak Storage Phosphor Screen 

5 s „ 230 ob«ained from Mo.ecu.ar Dynamics, were pressed flat against ge. samp.es and 

I exposed in the d»k a, 22 °C for ,2-20 , A Mo»ecu,ar Dynamic, 400S Phosphorfmager 

n was used to obtain a„ da* from *e storage screens. The data we. ana.y*ed by 

g 15 performing voiume integrations of ail bands using the ImageQuan. v. 3.2. 

fy B. Results 

I rotative DNase 1 footprint titrations (Brenowi* e, a,.. 

,986 ,30, .32; Brenowitz, e, a,. Pr X . ml Acat. Sci. V.S.A. .986, S3, 8462; Senear, e, 
a, Bioc^ .986, 25, 7344, (10 mM Tris-HC, .0 - KO. .0 mM MgC, 2 and 5 
20 mM CaC2, P H 7.0 and 22 °C) were performed to de.erm.ne me eouiUbnum assoc.at.on 
consent <*> of each si,ring hairptn po.yamide for me three reso.ved sues (HgureJO 
and 1 1) The 5-TGTTA-3' site is bound by polyamides in the order, ImPyPyW T- 
PyPyPy-P-Dp <>-*> (Ka = 3.8 x 10 9 M" 1 , _ WtVTr*****™ * " 
3 3 x .0' M", > «M«W < 3 "*> (K " " 30 " - ^ 

25 PyPyPy-P-Dp (K. - 2.9 x 10" M ") > .mPyPy-(»» W » * 10 
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M-) > ImPyPy-W* W» ("> <*> < 5 0 * 10 ' M ,) ' EqU " ibriUm aSS0Cia "° n 
consents for recognition of the S'-TGACW single base pair mismatch s,.e are: 

.mPyPy^VPyPyPv-P^ <'-*> * " 35 x 10 ' M "» - ™"' HJN ^ P ^' 

EtOH ,2-,) (Kj,= 3.1 x 10' M' l )> WHBTWMP 0* <* < 5 * 10 £ > 

Im p y py- Y -Pypypy-P-Dp <fc - « * 10 ° M "»' The 
PyPyPy-p-Dp and 1»P»PHSV»WHM* < 3 "» *" 5 '" ACATT " 3 

reV erse caution seouence with K, = 4.6 x 10 6 M"' and K, < 5 x 10 6 M'< respective,,. >« 
should be noted that a detaUed comparison of me relative mismatch binding energet.es 
cm »o, he made since the 5--TGACA-3' and SVACATW binding sites overlap. The 
reiadve affinity of 5'-TGTTA-3- match site bmding varies mom 100-fold to 5-fo.d 
d^ending on the stereochemistry of the v-tum substitutions (Table 2). 
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TABLED iab 

Equilibrium Association Constants (M / 



Improved Polymide 



Match Site 
5*-TGTTA-3' 



Reverse Site 
4 5'-ACATT-3' 



Mismatch Site 
5'-TGACA-3' 



Specific 



-l^^yPyPy-P-Dp 2.9 x 10 8 

ImPyPy-CRf^Y-PyPyPy-P-DP o l X \ 0 J?nL 
ImPyPyKSrYPyPyPy-P- 1 ^ 2.2x10(0./) 



4.8 x 10 6 60 
3.5xl0 7 (1.0) 100 
ND 5 
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ND 
ND 
4.6 x 10 6 
(2.0) d 

^-(Rrr-PyPyPy-P-EtoH 3.3xio'(0.9) nd ^ft 4 * To 

ImPyPy^rv-PyPyPy-P-DP 30 ! c n 10 ft?' <5 0xl0 6 ND ND 

T.nPvPv-fS^-PvPvPy-P-Dp 5 s ° X ™ average values obtained from three DNase 1 

'The reported association constants are the a ^^^°^ dalll set is indicated in 
footprint titration experiments. The standard devia Uon ^for each da 
parentheses. The assays were earned out at 22 C ) at pH 7.0 P 
Tris-HCl, 10 mM KC1, 10 mM MgCl 2 , and 5 mM CaCl 2 . 
"The five base piar binding sites are in captital letters. 

m ™ f00,pn " t,ne ^ affini,y 

cleaving. 

ND = not determined. 
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Fvample 5 
Binding site size and orientation 
MPE-Feffl) footing reveals •* (h. polyamides bind with highest affiruty to 
me 5'-TGTTA-3' match site, the 5'-TGACA-3' single base pair mismatch s,«e for 
5 polyamrdes >-* and 3-*, and the 5'-ACATT-3' reverse oriental match sue for 
polyamides M-« (*g™ 6). Afflfty c.eaving experiments using poiyamtdes w,,h 
EDTA*Fe(II) plac* a, enher the catboxy terminus or the v-tum confirm that poiyarmdes 
***** bom W and ^taminobutyric acid bind to me ,-TOTTA-r .arge, 
• , • ^timWFieure 10) The observation of a single cleavage locus is 
site with a single orientation (Figure iu;. 
O. conststen. only - an oriented U po.yamide : DNA complex in the minor groove an 
fi ^ontanydimencovenappedorex^dedbindingmo,,, The hairpin brndrngmo* 
'3 is mrmer supported by me location of the cleavage locus a, either the 5- or 3 s,de of the 
3 TGTTA-3' targe, site corresponding to EDTA-FedD placemen, a. the polyam.de 

1 earboxy .ermmus or ,he v-um, respeCvely (Figure ,0). Po.yamide subnets linked by 

"15 me «Tn *• *" P " '° 

« twodistinctorientation, Polyamides linked with (S) H3N Y bind to a 5'-ACATT-3' reVe ^ 6 
K onemanon ma.ch secure as revealed by a unicue cleavage locus a. the , s.de of .he 



site. 

Fvam ple 6 
Binding Affinity 

20 



A„ six polyamides bind to me 5-.TGTTA-3' urge. si.e wi.h binding isotherms 
,„ 2 n-Dconsisiemwimbinding as an immmolecular hairpin (Figure.!). However 
the re ,a,ive ma,ch si.e binding afMy varies by nearly lON-fold depend.ng on .he 
stereochem^ of .he v-tum and me namre of the substituents. Among me » 

25 polyamides, «"* » ^ h " ' 

t p ,pv m H 2 N v-PvPvPy-P-I>P binds with an equilibrium 
with the highest affinity. ImPyPy-(K) Y Pyryry p p 

fnt fK - 3 x 10 9 M' 1 ; Parks, et al. J. Am. Chem. Soc. 1996, 118, 6147), 
association constant, (K,-3xi«»'.» 
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a factor of 10 greater than that of the parent polyamide, taPyPy-^PyPyPy-P-Dp. ^ = 3 

x lO'M" 1 ). Replacement of the C-terminal dimethylaminopropylamide group of l-R with 

;« TmPvPv m H2N 7-PvPyPy-P-EtOH (2-/J) results in no 
an ethoxyamide group as in ImPyPy-W 7 ryryry H 

decrease ,n binding affinity (K. - 3 x l«f M">. Acetylation of the y-turn amino group as 

i„ i m pyp y -w A VPyPyi'yM>P <«> binding afMty 1Wo "' ^ ' 3 * 10 M > 

relative to 1-1?. 

The observation that polyamides which differ only by replacement of the 
d,memylaminopropy.an,ide group .-R with an ethoxyamid. grcup 2-R bind with sim.lar 
affinity indicates that interactions between the cationic dtmemylaminopropy! ta.1 group 
with anionic phosphate residues or the negative e,e*tros».ic potential in the floor of the 
minor groove may no. contribute —ally to me energetics of hairpin-DNA bindtng 
(Zimmer, e, a,. Pro,. BiopHys. Molec. Biol .986, 47, 31; Pultaan, B. Ad, Drug. Res. 
,M « l; Breslauer, e. al. Siruaure end Expression (Vol. 2). DNA and I,s Drug 
Con.pl,™ P. 273-289, R. H. Sarma and M. H, Sanna (eds.) Academic Press (1988ft 
Furthermore, these results indicate that the observed binding enhancement of l-R, m 

relation ,0 UnPyPy-y-PyPyPy-P-DP. * - *■ «*— * mOnOCa " 0n ' C 

and dicatiomc ligand binding to the polycationic DNA helix (Zimmer, e. al. Prog. 
BiopHys. Molec. Biol ,986, 47, 3,; Pullman, B. Ad, Drug. Res. .990, M. 1; Breslauer, 
e, al Sirucmre and Expression (Vol 2). DNA and Its Drug Complexes p. 273-289, R. H. 
20 Sarma and M. H. Sarma (eds.) Academic Press (1988)). The modes, increase* binding 
affinity of polyamide l-R may result from electrostatic interactions between the precsely 
p,aced amine group and the floor of the minor groove. Alternately, the increased afftmty 
could indicate a reduction in me degrees of freedom accessible to me free hairpm ,n 
solution resulting from a steric effect, or an electrostatic interaction baween the 
25 positively charged amine group and the negative potential of the y-carbonyl group. 

Poiyamides linked w„h (S)»'\ IrnPyPy-W^y-PyPyPy-P-DP ™ and 
ImPyPy-ffl"y-PyPyPyl'-DP <«>• bi » d <° te 5'-TGTTA-3' match site with 100-fold 
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(K a = 2 x 10 7 M' 1 ) and 1000-fold (K. < 5 x 10 6 M 1 ) reduced affinity relative to the 
y linked polyamide 1-R. These results demonstrate that the DNA-binding affinity 
of chiral hairpin polyamides can be predictably regulate* as a function of the 

stereochemistry of the turn residue. 

Sample 7 
Sequence-specificity 
Po.yan.ides with a variety of substitutions at the ,-«um bind preferentially to the 
5.-TGTTA-3' mateh site, while overall specificity versus binding at reverse orientation 
and mismatch sites is modified. Replacing the a-pro.on in the ,-residue of ImPyPy-y- 
-40 PyPyPy-P-DP with an amino group that confers a chtra. a-hydrogen W configuration, 
3 provite ft. most specific polyamide -W^rWW <>-*>■ ™ 

" tapypy^vpypypy-p-^'-^- 3 ' fonns wi * imM """^ 

Z relativ e to the DnPyPy-t/irY-PyPyPyW-^- 3, ^ 
H Substinttion of tire charged dimemylammopropv. tail group wi* an ethoxyamide poup 
Us as in (2-*) does no. alter binding specificity. The modes, increase in specificity agams, 
M si „gle base misma«ch seouences for polyamides « and 2-* (100-fold, relative ,o .he 
m paren, unsubstituted hairpin polyamide (60-fo,d) implicates chiral hairpin polyatmdes as 
'J an optimized class of small molecules for recognition of the DNA minor groove. 

Example 8 

2Q Binding Orientation 

,„ principle, a pol y amid. : DNA complex can form a. two different DNA 
sequences depending on .he airmen, of the po,yamide (N-C, with the walls of the 
minor groove (S'-T; White, e, al. J. A m . Cke*. Soc. .997, J», 8756). A six ri„g-hairp,n 
polyamide of core sequence composition hnPyPy-y-PyPyPy which places the N-.erm,nus 
25 of each three-ring polyamide subuni, a, the 5'-side of indtvidual recognized DNA strands 
would b,nd to 'forward match' S'-WGWWVW sequences (W = A or T). Placemen, of 
,he polyamide N-terminus a, the 3'-s,de of each record strand would result ,n 
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targeting 'reverse match' 5'-WCWWW-3' sequences. For hairpin polyamides there is an 
energetic preference for 'forward' alignment of each polyamide subunit (N-C) with 
respect to the backbone (5'-3') of the DNA double helix (White, et al. J. Am. Chem. Soc. 
1997, 119, 8756). 

5 In addition to decreasing the affinity for the 5'-TGTTA-3' match site, replacing 

the a-proton of y-tum in ImPyPy-y-PyPyPy P'DP with (S)»*y changes the mismatch 
sequence preference from the 5'-TGACA-3' site bound by the (Zonked polyamides 
to a 5'-ACATT-3' reverse match site. Binding to the reverse site may result from the 
presence of the steric bulk of the amino or acetamido groups in the floor of the minor 

10 groove preventing the deep polyamide binding required for specific DNA recognition. 
However, an analysis of hairpin folding requirements for 'forward' and 'reverse' binding 

reveals an additional model. 

In principle, there exist two non-superimposable hairpin folds which are related 
by mirror plane symmetry (Figure 12). One hairpin fold is responsible for the preferred 
15 5' to 3' N to C orientation, while the other fold corresponds to the 3' to 5' N to C reverse 
orientation binding. For an achiral hairpin polyamide in the absence of DNA, each non- 
superimposable fold should be energetically equivalent. However, an asymmetrically 
folded hairpin polyamide with a chiral substituent could potentially display differential 
energetics for oriented binding (Figure 12). In the forward folded hairpin (5' to 3' N to 
20 C), (tf) H2N Y directs the amine functionality away from the DNA helix, while (5) 
enantiomer is predicted to direct the amine into the floor of the minor groove. For the 
'reverse' fold hairpin, (S)" 2N y directs the amine functionality away from the floor of the 
DNA helix, while the amine of the (R) enantiomer is predicted to clash with the floor of 
the helix. The modest enhanced specificity of chiral polyamides l-R and 2-* relative to 
25 the unsubstituted parent hairpin may result from stabilization of the forward binding 
mode and/or destabilization of the reverse binding hairpin fold. 
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Example 9 
Tandemly-Linked Polyamides 

A. Synthesis 

ImPyPy^RJlImPyPy^R^VPyPyPy-H^-PyPyPy-f 3 - 0 ? < 6) and ImPyPy ' 

(R)[imp y py-(R) H2 VPyPyPy-s-rY-PyPyPy-P- D P w were s y nthesized from Boc ^ 

alanine-Pam resin (0.6 g resin, 0.6 mmol/g substitution) using Boc-chemistry 
m achine-a S sisted P rotocol S in-31 steps (Fi^ 

Pam-Pam resin was prepared as described.' 10 ' The Fmoc protecting group was then 
) removed by treatment with (4:1) piperidine/DMF. The remaining amino acxd 
sequence was then synthesized in a stepwise manner using Boc<hemistry machine 
assisted protocols to provide ImPyPy-W^^^^^ ^ 
PyPyPy-P-Pam-Resin and ImPyPy-(R)[ImPyPy-(R) Fm0cHN r-PyPyPy-H H T-PyPyPy- 
p-Pam-Resin. The Fmoc group was removed with (4:1) piper dine/ DMF. A sample 
5 of resin was then cleaved by a single-step aminolysis reaction with 
(( dimethylamino )P ropylamine (55 °C, 18 h) and the reaction mixture subsequently 
purified by reversed phase HPLC to provide ImPyPy-(R)[ImPyPy-(R) Y-PyPyPy- 
M^PyPyPy-P-Dp (6) and ImPyPy-(R)[ImPyPy-(R) H2N Y-PyPyPy-5-] HN Y-PyPyPy- 
P-Dp (7). For the synthesis of the EDTA-turn derivative 7-E, a sample ImPyPy- 
20 (RJUmPyPy^^^Y-PyPyPy-H^Y-PyPyPy-P-Dp (7) was treated with an excess of 
EDTA-dianhydride (DMSO/NMP, DIEA 55 °C, 30 min.) and the remainmg 
anhydride hydrolyzed (0.1 M NaOH, 55 °C, 10 min.). The polyamide ImPyPy- 

(^[imPyPy^Rj^VPyPyPy-s-rY-PyPyPy-^ 0 ? (7 ' E) was then isolated . by 

reverse phase HPLC. The dicationic twelve-ring tandem hairpins are soluble at 
25 concentrations up to 1 mM. The solubility of the tandem hairpins is 10- to 100-fold 
greater than that found for extended or hairpin twelve-ring polyamides. 

T^PyP y.rRUImPvPv-f ^^r-PvPvPv-B-^VPvPvPY-P-Ppt^") 
ImPyPy-(R) Fmoc Y-PyPyPy-P- Pam - Resin was synthesized in a stepwise fashion 
30 by machine-assisted solid phase methods from Boc-P-Pam-Resin (0.6 mmol/ g). (R)- 
2-Fmoc-4-Boc-diaminobutyric acid (0.7 mmol) was incorporated as previously 
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scribed fo, Boc-aminobutyric acid. .mPyPy-^ ™,-PyPyPy-M>am-Resin ™ 
piaced in a glass 20 mL peptide synthesis vessel and treated with DMF (2 mL). 
Mowed by piperidine ,8 mL) and agitated (22 -C. 30 min.). imPyPyK*) T- 
PyPyPy.p-Pam-resin w. S isolated by filtration, and washed sequentially with an 
5 excess of DMF. DCM, MeOH, and ethyl ether and the amine-resin dried t, vacuc. 

ImFyPy-(R)[ImPyPy-TO FM " m ^W-W^- P ^^* Pam " ReSin 

synthesized in a stepwise fashion by machine-assisted solid phase methods from 

iLyPy-W-v-PyPyPy-^— <« 8 mm<w 

R ,FM««N y _p y p y p y . H ™' T -PyPyPy-B-Pam-Re S in was placed in a glass m 
,0 peptide synthesis vessel and treated with DMF (2 mL), follow^ by pipsridine (8 
mL, and agitated ,22 °C, 30 min.,. WWW^^ 1 " 
I PyPyPy-p-Pam-Resin was isolated by filtration, and washed sequentially with an 
3 excess of DMF, DCM, MeOH, and etityl erne, and the amine-resin dried ,n m A 
S sampU of ,mPyPy-( R )[.m W -(K)™.-PyPyPy-M^-W^^- R ^ < 2 
mg 0 29 mmol/gram) was treated with neat dime.hylaminopropyl.mine (2 mL) 
and heated (55 'Q with periodic agitation for 16 h. The reaction mixture was then 
J, fiUered to remove resin, 0.1% ( w,/v, TFA added (6 mL, and resulting solution 
« purified by reversed phase HPLC. ^ry^W^ff^M 
t pyPyPy-B-Dp is recovered upon lyophUization of the appropriate fractions as a 

- ,., \ iivffiO»X_ 246 306 (100,000); MALDI- 

'.D 2 0 white powder (28 mg, 22% recovery). UV (H,0> J™, 240, 

' ,D TOF-MS [M*-H1 (monoisotopic), 1881.9: 1881.9 calc. for C„H IM N S2 0,6 

,_^,. ( ., ) „ m p,Pv-iRi im 'v Pyp 1 .py H m 'Y-Pvw-P-pp rn 
Im PyP y HR) l imP y py-(R)™v-WPy*i H Vy p y^ Pam - R t,f wis 

25 prepared as described for ^y^m^r^m^^ 
Pal-Resin. A sample of l ^ y m^r^m^y^ 
Pam-Resin (240 mg, 0.29 mmol/gram") was treated with neat 
dimemyUminopropylamine (2 mL) and heated (55 -C) with periodic agitation for 16 
h The reaction mixture was then filtered to remove resin, 0.1% (w,/v) TFA added (6 

30 mL) and the resulting solution purified by reversed phase HPLC. ImPyPy- 
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„ f the appropriate (.actions as a white powder (32 mg, 25% recovery). N D 6 (c 
0 05, H 2 0>; UV <H,0> »_ 246, 306 (lOMOOfk «H NMR (300 MHz, IDslDMSO, 20 C): 
5 = 10 54 (s, 1 H; — NH); 10.45 (s, 1 ft «-* NH); 10.44 (, 1 «; — 
5 NH); 10.02 (s, 1 H; aromatic NH); 9.95 ,s, 1 H; aromatic NH); 9.92 (s, 1 H; aromahc 

,. n muv. Q 86 (d 2 H; aromatic NH); 9.2 (br s, 1 H; 

NH); 9.90 (d, 2 H; aromatic NH), 9.86 (d. ^ n, 

mu uhvr 11 (d 1H; 1-8.5 Hz, aliphatic NH); 
CF,COOH); 8.25 (m, 4 H; aliphatic NH, NH,), 8.11 (d, 1 H, I F 

8.04 ,m, 4„, aliphatic NH), ,3, (, 2 H; CH); 7.25 (m, 2 *<*»*£*™ 
,18 ,m, 2 H; CH); ,16 (m, 3 H; CH); 7.12 ,m, 4 H; CH); ,02 (m 4 H; CH, 6. 5 ,^1 
,0 H; / = 1-6 Hz; CH); 6.9! (d, lH;/ = l-5 Hz; CH); 6.88 ( d, 1 H, , = 1.3 Hz; CH, 6* (m 

3 3,3 ,s, 3 „; NCH 3 ); 3.80 ,s, 18 H; NC„3,; 3,9 (s, 3 H; NCR* 3* (, 3 „, NCH* 
5 3.39 ,m, 4 H; CH* 3.28 (m, 2 H; CH* 3.15 ,m, 4 H; CH* 3. 7 ^ H. CH, , 2,7 
* / m 2H" CH* 2.70 (d, 6 H; N(CH s) * 2.32 (m. 2 H; CH* 1.93 (m, 2 H; CH* 1.71 (m 
L 2 „; CH*t.47 (1 2 H; CH* 1.20 <m, 4 H; CH* MAL01,0,MS ,M -H, 
1 (monoisotopic), 1910.2: 1909.9 calc. for C^H^^e- 

-D p ("7-E") 

Excess EDTA-dianhydride ,50 mg) was dissolved in DMSO/NMP (1 »L) 
and DIEA ,1 mL) by heating a, 55 -C for 5 mm. The diannydride solution was 
added to imPyPy^UmPyPyKKr^Py^-r^^^P «♦ 5 ^ 
dissCved in DMSO ,750 ,L>. The mixture was heated (55 »C, 25 min.) and the 
remaining EDTA-anhydride hydroiyzed (0.1M NaOH, 3 mL, 55 10 mm. 
Aqueous TFA (0.1% w./v) was added to adiust me to... volume to 8 mL and *e 
lion pur,,ed direcdy by reversed phase HPLC to provide ,mPyPy,R, mPyPy- 
, R .Hm VpyPyPy . 6 . 1 HN T . p Pyp^p-Dp p. E ) as a white powder upon lyophilizanon 

r (7 m* 20% recovery). MALDI-TOF-MS ,M*-H1 

of the appropriate fractions (2 mg, 20* recovery, 

(monoisotopic), 2184.3: 2184.0 calc. for C 101 H m N M O B 
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B Plasmid and restriction fragment preparation „ , A ^ 

' The plasmids pDHIO, pDHll, and P DH12 were constructed by 
nation of the inserts listed in Figure IB. Each hybridised , insert was 

—any «. — f*» Co t --t 

DNA liaase The resultant constructs were used to transtorm lop 
l^tL ceils from ,nv,trogen. Ampicii.in-resis.nt white colonies wer 
ZL from 25 mL Luria-Bertani medium agar plates contauung 50 g/mL 
selected from >h XCAL and IPTG solutions. Large-scale plasimd 

ampicillin and treated with XGAL and 

JLnon was performed with Qiagen Maxi punhcahon fab. Cdeoxy 
purification wat, p ^; re d insert. Concentration 

seauencine was used to verify the presence of the desired inser 

sequencing wa relationship of 1 

of the prepared plasmid was determined at 260 nm using 

OD unit = 50 ug/mL duplex DNA. 

The plasmids P DH(11-12) were linearized with EcoRI and BsrBI, then trea 
The plasm P 5Ma .^triphosphate and thymidine 

M W — «* «* ■"*"» Ph ° Sphata r „ h e Th 5- labeled 
poiynucleotide kinase and deoxyadenosine 5 -l^Plttiphosphate. The labe 

onto a 6% non-denaturing polyacrylamide gel, and the desire 
1 visualized hy autoradiography and isolated. Chemical sequencing reactions 
were performed according to published methods. 



C ~ZZ Z were carried ou, .n a volume of ,0 ,U A polyam.de stocK 
25 ^ol water ( ,or reference lane, was added * . ~ £ £ 
final concentrations were: 25 mM Tris-acetate buffer ( P H 7.0) 10 mM 

~ aI,OW r I , Z^M M : E ^onand 1 00p L ofa 1 0 0 
solution was prepared from 100 uL of a 100 uM M M FE-Fe(H) 
30 „M ferrous ammonium suKate (Fe^SO,)^) -luhon. MFE F 
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solution (5 uM) was added to the elated DNA. and the .actions were 
J " ,0 Vibrate for 5 minutes. Ceavage was inihated by the add.t,on of 
dHJ«5 mM, and aUowed ,0 proceed for U * *~ ^ 
stopped by eUtano. precipe, .suspended in 100 mM »*«~^ " * 
Inudl foading buffer, denatured a, 85 »C for 6 nun, and a 5 uL sampie 15 
^n) - —a, eiy ioaded onto an 8% denaturing poiyacryianude ge. (5 * 

cross!**, 7 M urea, a, 2000 V. ^ 
MPE-Fe(lI)footpnntingon3-or5 end 

concentradon. binds to the debated U-bp match s„e - J 

mM Tris-acetate, 10 mM NaCl, P H 7.0 and 22 -q (Figures 5. and 5c). Btndmg 
mM Tns ace* „ obseTOd a , m uch higher poiyanude 

.^5 3' is consistent with formation of the predict r 

" 2 „ 1. 2 mM Tris-acetate buffer (pH 7.0), 20 mM NaO, ,00 pM*- P- ~ 
were allowed to equilibrate for 15 minutes, weavdg 

wereanowcu " Reactions were stopped by 

25 dithiothreito, 00 -0 and ^ ™ „ f— , oading 

buffer, denatured at 85 Lloromm, t0nnnv 
an 8% denaturing poiyacryiamide g e> (5% cross* 7 M ^ 
Affinity cleavage experiment using 7-E wh,ch has an EDTA Fe( ) ry 
30 appended ,o the Hur, were used to confirm poiyamide bindurg «-» 
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st „ichiometry. A*™* deavage experiments were performed on ft. same 3 - or ' 
-P end-!abeled 135 base pair DN A restriction (ragmen, from the P l.sm,d pDHll (25 
mM Tris-acetate, 10 mM Nad. 100 .M/base pair cal, .hymns DNA. pH 7X. and 22 
•Q The observed cleavage pa«er„ for 7-E (Figures 5b and 5d> are 3 -shrfted, 
S consistent with minor groove occupancy. .» the P-nce „, 1 Mtf 7* a sing* 
cl e,vage locus proximal «o the 3' side of the 5'-TGTTATTGTTA-3' match sequence ,, 
Laled, consLen, with formation of an oriented 1:1 hairpin-S^pm-ONA 
complex. 

10 E Equilibrium Association Constants 

? were performed as described above in Example 4. except as otherwise mdrcated 
3 Wo „ Quantitative DNase 1 footprint titrations (10 mM Tri,HC, 10 mM KC, 10 
i mM MgC, and 5 mM C.C, pH 7.0 and 22 -Q were performed to de.rm.ne * 
i, 5 equilibrium association — s (W »f 6 and 7 for the 10-, 11- and 2- ma, 
J 1 misma,ch sites (Table 1). Polyamide 7 preferential binds me 1 -bp 5- 
- TGTTATTGTTA-3' target sequence with an equilibrium association constant, K a 1 
i ^^corresponding 11 bp mismatch 5'-TGTCATTGTCA-3' site is bound 
" by 7 with > 4500-foid lower affinity PC - 21 x 10» M"'). Polyamide 7 binds me 10 bp 
2n L ,-TGTTATCTIA-3' (K. - 1-5 x *>" M", and the 12 bp srte 5- 
' TGTTATATGTJA-3' (K. - V> x 10' *>) with 70- and lOCWold lower aftimty. 
^pTtiveiy. Polyamide 6 binds me 10-bp 5'-TGTTATGTTA-3' si,e and 11-bp 5 - 
TGTTATTGTTA-3' si,e with K, = 2 X 10<° W, and a,so binds 
T^ATATGTTA-3- sire with 16-fold iower affinity (K. - 9.0 x 10 M" ). The parent 

25 ^ ~ *>- to '° «" 5 '- TGTTA ' 3 ' " 

site with K a = 5 x 10 9 M' 1 . 

Formaliy the subunits o, po.yamide 7 represent the combination of 
parent-acetylated parent tandem hairpin. The paren, and ace«y,.,ed hairptns 
Lupy 1 1 bind.g energetics of -1,2 tca./mo, and -11, tcai/mo. respective, , 

30 predlg ,ha, covaien, linKage o, parent-S-acetyiated w„u,d bu,d the same s„e 
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< nc ^ = 2 2 x 10 18 M' 1 , 6 orders of magnitude higher 
with an association constant of (KJ - • kca i/ mo l. Relative to 

parent .cognition o *e - ^ ^ ^ ^ 

e „ent a d -fo* ec^ ^ ^ ^ ^ fa 

12-bp sites. At sxte W, a srng ^ acetylated . parent 

actively brnd wUh 103 to ^ tandem haiTpin 

polyamide would bind with a (K ) - 2 4 ^ 
binds with energetics of -1135 kcal/mol and a (K a ) 2.2 

Table2 EquilibriumA^ - ^aTGTCATGTCAt-y Specificity" 

■ c^Tr.TTATGTTAg- 3 5-alQiU 

Polyamide _ 

1.5 x 10 8 




7 tKKXXy— -<XX > >W - . . , nm three D Nase 1 footprint titration 

as K a (match)/Ka(mismatch). 

F. Linker Dependence ...,„, 7 Iesul , from modifications to the 

Site size Ponces of poiyamtdes 6 and 7 resu ^ 

, eng * if the nirn-te-taU linker. ModeUng » J* » ^ ^ ^ 

„ provide s»«icienUen g th for recogninon o, e,*er 1 or ^ 

,oo short to span the 12-bp binding site. Poiyam.de 7 delays P 

of the H-bp site, Wing the 5'-TGTTATTGTTA-3' - «* 
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reduction of affinity at ft. 11-bp site by > Mold (K, 15 ) « 

tedu «d afftnio. of . and 7 a, fte U-bp * indicate, « «—* «— ~ " 
KnRe, SU buni, prevent, aligns, o, hairpin s,bun,ts for fte, binding Site, 

Table 3 

BM* **** - Mi " k ' ed """*"" h ° i '* im " 

U-bp match rife I, «»J « >"<« s "" ""^ 

Polyamide 2 

Parent 



5'-TGTTATTGTT A- 3 ' 5 ' -T GT^A * * ^ 

K^SxloV' 1 



3 TcY»» A AC A A T-5' 



5'-TGTTATGTTA G-3 ' 

K a =5xl0 9 M 1 



m 



IV 



VI 



5_T OTTATATGT T-3' 

S^l^^TACAA-S- 

K a =5xl0 9 M _1 

5' _T G TfClA T T G T C A- 3 ' 

3 + ^S^ N iACAGT-5' 

Ka=5xl0 7 M" 1 ■ 

5-TGTTTCCIGTG-3' 

S^l^^GACAC-S- 

K a =3xl0 8 M-' 

5'-TGATTACGCCA-3' 
K a =lxl0 8 M _1 



K a = 1.5xl0 10 M-' 



T T-3' 




0 


A T T G 


T 

O 


IT 

D 




T A A C 







K a = 1 x loV" 1 



5 . T GT 

foOC 

3 -A C A 

K a =2.2x 10 S M' 

5 • -T G T T T C Cf^fJ 



5'-TGATTAC 



A-3' 



-nh* 
T-5' 



T G-3' 
A C-5' 




3 -A C T A A T G 



K a =5xl()'M 



,7w-l 
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As disclosed herein, the present invention provides the reagents and 
methodologies for the preparation and use of a variety of new chiral hairpin polyamide 
structures for specific recognition in the DNA minor groove. While a preferred form of 
the invention has been shown in the drawings and described, since variations m the 
preferred form will be apparent to those skilled in the art, the invention should not be 
construed as limited to the specific form shown and described, but instead is as set forth 
in the claims. 
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